INTRODUCTION: Assessment of cognitively complex instrumental activities of daily living (IADL) is important in (incipient) dementia, but little is known about the influence of cultural differences. We aim to investigate the cross-cultural comparability of IADL.
CULTURAL DIVERSITY AND THE MEASUREMENT OF FUNCTIONAL IMPAIRMENT: A CROSS-CULTURAL VALIDATION OF THE AMSTERDAM IADL QUESTIONNAIRE
Mark
Introduction
Impairment in cognitively complex everyday activities, such as doing grocery shopping, managing personal finances and using mobile devices, are among the first symptoms of dementia [1] [2] [3] . These activities are referred to as 'instrumental activities of daily living' (IADL). IADL performance is related to quality of life, caregiver burden and resource utilization [4] . Moreover, IADL impairment in preclinical stages might be a predictor of progression to dementia [5] . Functional impairment can be an important outcome measure for clinical trials and clinical practice, and in recently drafted industry guidelines, the U.S. Food and Drug Administration recommended the use of functional impairment as a measure for effectiveness of treatment and of disease progression [6] . When using IADL as a functional outcome measure across culturally diverse populations, one must consider the fact that everyday activities differ between countries and cultures. Nevertheless, little is known about the crosscultural comparability of IADL and its measures.
Scientific literature concerning diversity and resulting cultural and ethnoracial disparities in the context
of AD is scarce [7, 8] . Culture may have a diverse impact on cognition and, in extension, on functional status [8] . Mere translation of an instrument does not always account for these disparities [9, 10] , and while many functional instruments have been translated into numerous languages, there is no gold standard for cross-cultural adaptation of questionnaires [11] . While a few studies have highlighted the potential of IADL as a global outcome measure in dementia research [12, 13] , frequently used IADL instruments often include potentially culture-specific activities, such as balancing a checkbook [14] [15] [16] .
In addition, several instrument-specific cross-cultural adaptation studies have reported potential bias due to differences in the distribution of IADL between the genders: traditional instruments, such as the Lawton & Brody scale [2] , may rely too heavily on household tasks, which are predominantly performed by women [13, [17] [18] [19] . This emphasizes the importance of determining whether all activities are cross-culturally relevant.
A modern instrument for measuring IADL is the Amsterdam IADL Questionnaire (A-IADL-Q). It was developed to capture the earliest changes in IADL in (preclinical) dementia. Previous studies have
shown that the A-IADL-Q has good internal consistency [20] , is independent of age and gender [21] , and has good validity and reliability [20] [21] [22] and sensitivity to change over time [23] . A short version of the questionnaire (A-IADL-Q-SV) was recently developed to create a more concise measure, and also aimed to reduce potential cultural bias by only including widely relevant activities [24] . International use of the A-IADL-Q is steadily increasing. All translations have gone through a cross-cultural adaptation process in which experts and prospective users were asked to evaluate the translated instrument.
We aimed to investigate the comparability of IADL across culturally diverse groups by studying item bias in the A-IADL-Q between eight Western countries: The Netherlands, Spain, France, United States, United Kingdom, Greece, Serbia, and Finland. As an additional step, we investigated the relations between IADL and cognitive and functional measures, age, gender, and education.
Methods
The present study included data from 3,571 individuals with a completed A-IADL-Q from memory clinics and cognition studies from eight countries: the Netherlands (Amsterdam Dementia Cohort [25] and European Prevention of Alzheimer's Dementia Longitudinal Cohort Study, EPAD [26, 27] ), Spain (Compostela Aging Study [28, 29] ; EPAD; and ALFA project [30] ), France (INSIGHT pre-AD [31] ; EPAD;
and Socrates study), United States (Butler Alzheimer's Prevention Registry [32] ), United Kingdom (EPAD and SAMS project [33] ), Greece (Greek Association for Alzheimer's Disease and Related Disorders), Serbia (Niš Clinic of Neurology [34] ), and Finland (Helsinki Small Vessel Disease study).
Participants had some degree of cognitive complaints, or had an increased genetic or neurovascular risk for cognitive decline. Participants were recruited from memory clinics, through advertisement, or from existing databanks. Inclusion criteria ranged from being cognitively normal to having a dementiarelated diagnosis. Other relevant inclusion and exclusion criteria for each cohort in this study can be found in Table 1 . Participants provided written informed consent, and the studies were approved by their institutional review boards, which included, in each, consent for data sharing. items, while the short version has 30. The studies included here used the original (n = 6) or the short version (n = 7). We analyzed both versions, with a special focus on the short version (A-IADL-Q-SV), because all items from the short version are also included in the original, and can therefore be compared between all participants.
The questionnaire is scored using item response theory (IRT), as described elsewhere [20, 22] . IRT scores are considered more precise and are less affected by missing data, compared to sum scores [35] . All items have five response categories, ranging from having 'no difficulty' in performing an activity to being 'unable to perform' an activity due to cognitive problems. IRT-based T-scores were calibrated in a memory-clinic population and were centered around a mean of 50 with a standard deviation (SD) of 10. Lower scores indicate more severe functional impairments.
Clinical Measures
For the construct validation, we excluded individuals living in nursing homes (n = 130) because they have limited IADL independence. Mini-Mental State Examination (MMSE, scores range 0-30) [36] and Cambridge Cognition Examination (CAMCOG, scores range 0-107) [37] served as general indications of cognitive functioning. For both measures, lower scores indicate worse cognition. The Clinical Dementia Rating (CDR) [38] was an indicator of functional status. A global CDR score of 0 represents no dementia, and scores of 0.5 to 3 are related to more advanced stages of dementia (and thus more functional impairment). Lastly, the short form Geriatric Depression Scale (GDS, scores range 0-15) [39] was used to assess depressive symptoms, where higher scores are indicative of more severe depressive symptoms. Data was not obtained for all included participants.
Statistical Analyses
For all analyses, studies were grouped by country, resulting in eight groups. Differences between countries in sociodemographic variables and clinical characteristics were calculated using one-way analysis of variance (ANOVA) or Kruskal-Wallis tests. Post-hoc corrections were performed where applicable.
Confirmatory factor analyses (CFA) were performed on the short version to confirm unidimensionality, which was shown to be applicable to both the Dutch original and the short version of the A-IADL-Q in earlier publications [20, 24] . Structural equation modeling was used with a weighted least squares estimation method [40] . Good model fit was determined based on the following criteria: (a) root mean square error of approximations (RMSEA) ≤ .05 and (b) comparative fit index (CFI) ≥ .90 [41] .
We subsequently assessed measurement invariance by investigating item bias using 'differential item functioning' (DIF). DIF analysis is a technique for identifying items that have different levels of difficulty and/or discriminatory ability in multiple groups. DIF is assumed to occur when the relationship between a test item and the latent trait (represented in the T-score) is not the same across studyirrelevant groups [35] . It is considered a variation in measurement and is therefore undesirable [42] .
We studied DIF between countries, using the Dutch cohort as a reference group for all comparisons. A minimum count of one case in at least two different response categories was required in each country for every item. We used DIF analyses based on ordinal logistic regressions, in which a null model and three hierarchically nested models are created and compared for each item. The logistic regression procedure was chosen because it is more accurate than other DIF detection procedures when the reference group is large (e.g., n = 1,500), even when focal groups are smaller (e.g., n = 100) [43] . When DIF is present and constant across all levels of the latent trait, it is called uniform DIF. An item with uniform DIF may be easier or more difficult in one group than in the other [44] . When an item is easier at one level of the latent trait and more difficult at another level, it is considered to have non-uniform meaningful DIF [45] : (1) between .035 and .070 for moderate, and above .070 for large DIF [46] .
In addition to investigating DIF between countries, we also analyzed DIF between men and women, young and old participants, and high and low education in the entire sample. The division between young and old age and high and low education was made on the basis of median split, with participants under the median age being classified as young, and under the median years of education as having low education. We used the 'lordif' package for R, developed by Choi, Gibbons [42] . Significance levels were set at p < .05, unless otherwise indicated. Data were processed in SPSS Statistics version 22 [47] , R version 3.5.2 [48] , and Mplus 7 [40] .
Results
On average, participants were 67.1 ± 9.5 (m ± SD) years old. The mean age differed between countries (F(7, 3420) = 93.22, p < .001): it was the highest in Greece (80.0 ± 6.4 years old) and the lowest in the Netherlands (63.8 ± 8.5 years old). The distribution of men and women differed between countries (χ 2 (7) = 124.56, p < .001): the proportion of women was highest in the United States (67.5%) and lowest in Greece (29.5%). Participants from each country also differed from each other in years of education (F(7, 2969) = 73.68, p < .001). Participants in the U.S. had the most years of education (16.8 ± 2.3 years), whereas participants in Greece had the least (9.5 ± 4.3 years). Table 2 shows the demographics and clinical measures per country. Figure 1 : Overall, item endorsement was similar between countries, except for the three items displayed here: 'Using a computer', 'Driving a car', and 'Using public transportation'. The percentage of participants in each country that performed these activities in the four weeks preceding completion of the A-IADL-Q is displayed here, sorted by the level of endorsement, which ranged from 99.4% to 8.2% across all three items.
Endorsement
Generally, item endorsement was comparable between countries, except for 3 items. Participants from Greece (8.2%), Spain (52.7%), and Serbia (53.3%) endorsed 'using a computer' less than those from other countries (range 75.2%-97.4%). 'Using public transportation' was less frequently endorsed by participants from the United States (27.9%), whereas relatively more Americans had driven a car (99.4%) than individuals in the other countries (see Figure 1 ). 
Item bias Figure 2: Item bias in the A-IADL-Q-SV.
Mapping of DIF effect sizes from the A-IADL-Q-SV. Each country was compared to the Netherlands. Negligible DIF is displayed in green, meaningful DIF with a large effect is shown in red (but was not present). Items that could not be analyzed (due to limited response variation) are displayed in gray.
Regarding item bias, no meaningful DIF was found in the A-IADL-Q-SV (all R 2 < .035, range .000-.034). Figure 2 shows the R 2 effect sizes of DIF for all analyzed items. In the original version, four items had meaningful DIF with a moderate effect. Three of the four items had uniform DIF, and they were found in the Spanish group: 'using the washing machine' (R 2 = .043), 'making appointments' (R 2 = .064), and 'playing card and board games' (R 2 = .043). The first item was more difficult for Spanish individuals, the other two were easier, as compared to the Dutch reference group. The fourth item had non-uniform DIF and was found in the French group: 'functioning adequately at work' (R 2 = .064). The item appeared to be better at discriminating between people with lower and higher levels of functional impairment in France than in the Netherlands. We used the DIF results to re-estimate the T-scores for Spanish and French participants, thus correcting for the effect of DIF. In the Spanish group, the mean score decreased by 0.16 points (changes ranged -1.14 -+0.43); in the French group, the mean score decreased by 0.07 points (changes ranged -1.33 -+0.35). These changes corresponded to a difference of less than 1/10 of a SD, and can therefore be considered negligible.
In the entire sample, neither the original nor the short version showed DIF for age, gender, or education.
A-IADL-Q-SV construct validation
Overall, all correlations were in the expected directions and of similar magnitudes as compared to the 
Discussion
In this study, we demonstrated that the influence of cultural diversity on the measurement of IADL impairment, as measured with the A-IADL-Q, is minimal. We found limited differences between countries in terms of activity endorsement. Moreover, there was no evidence of item bias for country, suggesting that the A-IADL-Q consistently measures IADL impairment. Furthermore, we found no item bias for age, gender, or education. Associations with demographic, cognitive and functional measures were also in the expected directions and largely in line with earlier hypothesized magnitudes.
Diversity research in the context of IADL and dementia is very scarce [8] . A few studies have shown a general comparability of IADLs across cultural and ethnoracial diversity [12, 13] , while others have shown differences between cultures, genders, and age [49, 50] , albeit not in dementia-specific contexts. For optimal comparison of functional outcome in international studies and clinical trials, a reliable, cross-culturally validated instrument is crucial.
Using the A-IADL-Q-SV, we did not find meaningful DIF, indicating there is no evidence of item bias for cultural diversity. This suggests that the A-IADL-Q yields reliable and cross-nationally comparable estimations of functional decline. This absence of item bias could be the result of the development of the A-IADL-Q-SV, in which international experts provided feedback on the cross-cultural comparability of the items [24] . This is also reflected by the generally similar activity endorsement across countries.
Only minor differences in endorsement were found in the A-IADL-Q-SV activities. Furthermore, the translations of the questionnaires were subject to a cross-cultural adaptation process (such as described for the Spanish translation in Facal, Carabias [28] ). Because the A-IADL-Q-SV does not appear to have item bias, scores do not need to be adjusted in order to be compared across countries. In the original version, a few items appeared to be biased in Spain and France. 'Making appointments' had the largest DIF effect, and a potential explanation for this is that examples were added in the Spanish translation, because language experts indicated that the proposed translation for the word 'appointments' (citas) could be interpreted as '(romantic) dates'. The other items with DIF had a smaller effect, and no clear reason for the presence of DIF could be discerned. Despite the finding of item bias in the original version, the effect on the total scores was minimal. We therefore consider the bias negligible, evidenced as well by the absence of DIF in the short version. The A-IADL-Q-SV might be the preferred version for future international use, as it includes only the most broadly relevant everyday activities, does not have item bias, has comparable construct validity, and is more pragmatic.
Moreover, there was no item bias for age, gender, or education. This further underlines the independence of the estimations of functional disability from these confounders, confirming previous studies on the A-IADL-Q [21, 22, 24] . This is an important finding, because other functional instruments do appear to be biased for confounders [49, 50] .
As an additional step, we performed a construct validation of the A-IADL-Q-SV. Overall, associations with age, gender, education and mood were small, while we found moderate correlations with cognition and functional state. These findings correspond to the associations previously described for the original version [21] . The variation in associations between countries may be study-specific: demographic, cognitive and functional characteristics of participants were different in each country.
In Spain, Greece, and Serbia, participants were older than average, and associations between age and IADL were stronger. In Spain, an association between age and IADL functioning was found earlier in a group of patients without dementia [28] . In France, the United States and the United Kingdom, the studies recruited mainly cognitively healthy participants, resulting in very limited variation in the measure of cognition and IADL functioning seemed to be less associated with cognitive measures.
An important strength of this study is that we used a data-driven approach to investigate the crosscultural comparability of IADL. We used DIF, which is a powerful procedure to detect variance in measurement between groups on an item level and was possible as a result of the IRT scoring method.
Not only does DIF tell us whether an item may be biased, but it also provides insight in the impact of the bias on the overall scores and it allows for correction. These advantages allowed us to create a clear picture of possible measurement variance and impact on the instrument. Another strength of the study is that we included data from more than 3,500 individuals from eleven different studies representing eight countries. People with a wide variety of cognitive impairment-related diagnoses or complaints were included, ranging from subjective cognitive decline to dementia. Furthermore, the age of participants ranged from adulthood to old age. The large sample size and large variety in diagnoses and age contributes to the generalizability of our results and conclusions.
This study also had a few limitations. First, we only included data from developed, Western countries, without taking race and ethnicity into account. The present study is an important first step in recognizing the influence of diversity on the measurement of functional impairment, and future studies should build on these findings. Furthermore, it should be noted that 'culture' is not interchangeable with 'country', because residents of a single country may have different cultural and ethnoracial backgrounds. We operationalized our study by investigating the differences between various cross-culturally adapted translations of the A-IADL-Q. Assuming that the included samples are good random samples of the respective countries' populations, cultural variation within countries may still be adequately represented by the included cohorts. Second, the variation between the included samples complicated the interpretation of the results. Due to variability in age, sex, and level of cognitive and functional impairment, it is difficult to distinguish group differences caused by culture from those caused by other participant characteristics. We used additional DIF analyses to rule out item bias caused by age, sex, or education, which have been shown to cause bias in other IADL instruments. We did not find such bias, nor did we find cultural bias, indicating that the A-IADL-Q is robust to demographic variability.
To conclude, we validated the A-IADL-Q(-SV) and demonstrated that it is not influenced by culture, age, gender, or education. This is important, because it further underlines the potential of the A-IADL-Q, and the short version in particular, as an outcome measure of daily functioning in clinical practice and clinical trials around the world. Taken together, these results suggest that these IADL may be universal and that the A-IADL-Q is robust to demographic diversity and is capable of reliably measuring IADL impairment.
